Summary. Treatment of ovariectomized rats with oestradiol-17\g=b\ and progesterone demonstrated that oestradiol-17\g=b\ causes secretion of sodium, potassium and water into the lumen of the uterine horn and that progesterone causes reabsorption of these substances.
Introduction
Long & Evans (1922) first described the accumulation of fluid which distends the uterine horns of rats at pro-oestrus and oestrus and which is absent at dioestrus. There is no doubt that the horns become distended as a result of oestrogen stimulation ; they become empty after ovariectomy and become distended with a fluid similar to that found at oestrus following oestrogen administration (Shih, Kennedy & Huggins, 1940; Meglioli, 1976) . Blandau (1945) showed that the cervical canals of the rat are closed by a sphincter-like action at oestrus, but are open at dioestrus, thus permitting escape of the accumulated fluid.
When a high dose of progesterone is given with oestradiol, the accumulation of fluid within the uterine lumen is completely prevented (Armstrong, 1968; Rezabek, 1969 Rezabek, , 1972 Tantayaporn, Mallikarjuneswara, De Carlo & Clemetson, 1974) . Armstrong (1968) also reported that the fluid disappeared within 12 h after a single s.c. injection of 1 or 2 mg progesterone given 48-66 h after s.c. insertion of an oestradiol implant. However, there is conflicting evidence as to whether this disap¬ pearance of luminal fluid after progesterone is due to leakage through the cervical canal or to reabsorption of fluid. Armstrong (1968) , using a multiple puncture, blotting and reweighing technique to measure the uterine luminal fluid volume of oestrogen-treated spayed rats, reported ligation of the uterine horns at the cervical ends prevented the fluid loss and therefore concluded that progesterone opens the cervical canals. Meglioli, Krahenbuhl & Desaulles (1969) studied, by an aspiration and reweighing technique, oestrogen-treated spayed rats in which the distal ends of the uterine horns had been closed by electrocautery. Progesterone was reported to decrease the volume and increase the viscosity of the uterine luminal fluid even while oestrogen treatment continued, indicating the reabsorption of uterine luminal fluid after progesterone treatment.
Because of these contrary reports, we considered that the question of whether progesterone can cause reabsorption of uterine fluid deserved further study, and the problem was reinvestigated using a different method (uterine washing) for measuring uterine luminal fluid volume.
Materials and Methods
Sexually mature virgin female albino Wistar rats, weighing 200 to 300 g, were given free access to a standard diet (Purina rat chow) and tap water. The animals were bilaterally ovariectomized under barbital anaesthesia 10 days before the start of hormone treatment; part of the oviduct was always removed with each ovary to ensure complete ovariectomy. Silk ligatures (5-0) were placed at the ovarian and cervical ends of one uterine horn of each rat, taking care to avoid injury to the blood vessels.
Ethyl laurate was used as the vehicle for the hormone injections as it had been found to be inert in control studies. At the end of each experiment a lethal dose of sodium pentobarbital was given i.m. and a blood sample was taken from each rat by cardiac puncture while the animal was still alive. Ligatures were then placed at each end of the non-ligated uterine horns, and both horns were excised and weighed after washing.
Uterine washing was carried out within 10 min of death. A 5 % dextrose solution, made up with demineralized water and passed through a resin column to remove any traces of sodium, was injected (2 ml) into the uterine lumen at one end, using a 27-gauge needle and a plastic syringe. The washings were collected from the other end of the horn, using a similar needle and syringe. The volume of the recovered washing fluid, usually 1 -9-2-5 ml, was made up to 3 ml with the 5 % dextrose. The fluid was transferred to a plastic tube, centrifuged and decanted within 15 min to remove any cells which could exude potassium. The residue was examined for evidence of infection and any rats with leucocytes in the uterine fluid were excluded from the experiment. Also, any specimen which was incomplete because of leakage during collection was discarded. All uterine washings and corresponding glucose blanks were stored in prewashed plastic tubes at 2°C until analysis at the end of the experiment.
All analyses were performed with reference to the same set of standards. Sixty-four rats were allocated in equal numbers to 8 groups. Group 1 received no hormone treatment; Groups 2, 3,4, 5 and 6 received an i.m. injection of 0-2 pg oestradiol-17ß (Schwarz/Mann Laboratories) every 12 h and were killed at 24,48, 72,96 and 120 h, respectively, after the first injec¬ tion ; Groups 7 and 8 received 0-2 µg oestradiol-17ß every 12 h and also 0-5 mg progesterone (Schwarz/ Mann) (i.m., every 12 h) starting 72 h after the first oestrogen injection, and were killed at 96 and 120 h, respectively. The oestrogen schedule had been previously found to cause and maintain adequate distension of the uterine horns with luminal fluid but not opening of the cervical canals.
Results
The rats in Groups 5 and 6 had high volumes of fluid in the ligated and non-ligated uterine horns, but when progesterone was also administered (Groups 7 and 8) the luminal fluid volumes decreased dramatically (Text- fig. 1 ). Only 1 rat in Group 7 and none in Group 8 showed distension of a ligated horn after progesterone treatment in spite of continued oestrogen administration.
As shown in Table 1 , the total sodium and potassium contents of the fluid in the ligated uterine horns were reduced to 0-96% and 1-4% respectively by progesterone treatment (Group 6 versus Group 8). Significantly different from values forGroups 5 and6:*P< 005; **P < 001 ;***P< 0001. t 7 rats only.
Following oestrogen treatment, the potassium concentration in the uterine luminal fluid ([K+]ULF) rose significantly at 48 h, but fell again at 120 h. The mean [K+] ULF was higher at 120 h in the progesterone-and oestrogen-treated rats, than in those receiving oestrogen alone, but this difference was not significant.
Discussion
The effects of oestradiol and progesterone on the volume of fluid in the lumen of the uterus of the rat are quite clear: oestradiol caused the secretion of a fluid, containing sodium and potassium, into the lumen of the uterus; a high dose of progesterone, even when given with oestrogen, blocked this secretion and caused reabsorption of water, sodium and potassium from the uterine cavity.
Reabsorption of fluid from the uterine lumen under the influence of progesterone presumably facilitates the reduction in volume of the uterine cavity, preceding the attachment reaction, which has been described by Nilsson (1970) and Ljungkvist (1971a Ljungkvist ( , b, c, 1972 as occurring at the time of implantation in the mouse and in the rat. These workers have shown that implantation involves endometrio-endometrial contact and fusion as well as blastocyst-endometrial contact and fusion. Pollard & Finn (1972) Undoubtedly, one of the major reasons why progesterone is essential in pregnancy is that it prevents secretion of fluid by the decidua. The oestrogens present during pregnancy would cause secretion of fluid beneath the membranes and separation of the membranes from the uterine wall, but the presence of progesterone acting to cause reabsorption of fluid from this space and relaxation of the uterine musculature allows expansion of the fetal membranes.
